ABSTRACT. The leaf remains described herein came from the oldest sites of the Cainozoic deposits in the Lower Rhine Embayment, located in the Siebengebirge Volcanic Field at the south-eastern border of this basin, in the area of Siebengebirge and vicinity. These revisited floras are bound to pre-volcanic siliciclastic facies of the Siebengebirge Mts., interpreted as marginal facies of the Köln Formation. Chronostratigraphically they are assigned to the late Oligocene (Chattian). The described leaf remains are partially compressions with preserved epidermal anatomy, and therefore highly useful for systematic determination of leaf impressions recovered from other localities of siliciclastic facies. On account of the epidermal characteristics of leaf compressions varying in gross morphology, the previously determined taxa Quercus goepperti, Laurus phoeboides, and Persea speciosa all fall into the abundantly represented Eotrigonobalanus furcinervis. The siliciclastic deposits originated in coastal and flood plain areas within fluviatile environments of variable deposition energy. Remains of Taxodium dubium, Eotrigonobalanus furcinervis, Populus germanica, and Daphnogene cinnamomifolia dominate among the recovered fossils. The general aspects of this plant assemblage correspond, together with their sedimentary settings, to riparian forest vegetation with mesophytic elements.
INTRODUCTION
In the Lower Rhine Embayment, fossiliferous levels with plant remains reach from Palaeogene (late Oligocene: Chattian) Köln Formation up to Neogene (late Pliocene) and Quaternary (earliest Pleistocene) strata. The oldest floras, which are of late Oligocene age, occur only at the south-eastern margin of the Lower Rhine Embayment, in the area of Siebengebirge and vicinity. Publications concerning these floras appeared early in the palaeobotanical literature (Göppert 1836 , Weber 1850 , 1851 , 1851 -1852 , Wessel & Weber 1855 ; some of them can be called classics, particularly the flora of the Fossillagerstätte Rott.
Weyland (1934, (1937) (1938) (1939) (1940) (1941) (1942) (1943) (1944) (1945) (1946) (1947) (1948) re-investigated these floras in the 1930s and 1940s. In addition to revising the Rott flora, he also examined the here-revised floras from Altenrath and Stallberg. Both are part of a wider ongoing project of systematic-taxonomical revision of the late Oligocene floras from various localities and different stratigraphic levels of the Siebengebirge Volcanic Field, with the aim of reconstructing the palaeofloristic, environmental, and palaeogeographic setting at the southern part of the Lower Rhine Embayment. Now, nearly eighty years after the publications by Weyland and in view of the technical and taxonomic progress in palaeobotanical science, we re-visited the floras of Altenrath and Stallberg as well as the flora of Dürres-bach (Winterscheid 2006) once more in order to apply anatomical and cuticular characters in a taxonomical analysis.
MATERIAL AND METHODS

GEOLOGY AND PALAEOGEOGRAPHY
The oldest Cainozoic macrofloras studied are located in the late Oligocene terrestrial border area of the Köln Formation ("Unterflöz-Gruppe") at the southeastern margin of the Lower Rhine Embayment, in the Siebengebirge region. The Köln Formation in the central basin of the Lower Rhine Embayment to the base of the Ville Formation ("Hauptflöz-Gruppe") is developed as coastal paralic deposits in a cyclic alteration ("Unterflöz-Serien") of marine sands and lacustrine-paralic clay and brown coal horizons at the top of the cycles. The cycles reflect transgressive and regressive phases of the North Sea during the late Oligocene and early Miocene; they have been explained by sea level changes and the variable tempo of taphrogenetic uplift and subsidence (Gliese 1971 : 67-72, Schäfer et al. 2005 . Toward the north-west the Köln Formation is interfingered by marine sands of the late Oligocene Grafenberg Formation. In the southern and eastern parts of the Köln tectonic block to the margin of the Lower Rhine Embayment the marine sands and lacustrine-paralic clay and brown coal interbeds become thinner and the sediments are interfingered by continental limnic and fluviatile gravel, sand, and clay. These siliciclastic sediments are deposits of rivers which flowed into the Lower Rhine Embayment from the south and east as a meandering braided river system and deltas. Lacustrine-swampy coaly clays and brown coal layers occurring within the fluviatile sediments indicate temporary and local silting-up and the formation of swamps. The stratigraphic sequence of this lithological development was recognised in drillings and outcrops within the Siegburger and Siebengebirge Graben (Gliese 1971 , Skupin & Wolff 2011 : 24-30, Takahashi & Jux 1986 : 32-36, Teichmüller 1974 : 273, Von der Brelie et al. 1981 .
In the Siebengebirge area and at the south-eastern margin of the Lower Rhine Embayment, in tectonic step faults of the transition zone from the Köln tectonic block to the Rhenish Massif, the lacustrine and fluviatile sediments of the Köln Formation contain macrofloras . The stratigraphical sequence begins with lacustrine and fluviatile floodplain sediments of the "tonige liegende Schichten" (clayey underlying strata), which lie directly on weathering products of the Palaeogene land surface (Udluft 1977a: 20, 21; 1977b: 14, 15) . These sediments, consisting of grey and white pelite, represent redeposited products of this weathering. The "tonige liegende Schichten" were deposited by a braided river system Fig. 1 . Location of the investigated area in Germany (A), and the sites at the south-eastern border of the Lower Rhine Embayment (B, modified after Burghardt 1979) (see above) in flat lacustrine basins. The clays of these lithologic facies indicate stillwater phases and zones of sluggish water current in a landscape with flatland topography within the late Oligocene North Sea coast in the north-west, and the plateau of the Rhenish Massif in the south and east (Winterscheid 2006: 18, 241) .
"Quarzige liegende Schichten" (quartzous underlying strata, siliciclastic facies sensu Winterscheid 2006) continue above the "tonige liegende Schichten". They are built of coarse-grained sediments with silt, sand, and gravel (Udluft 1977a: 21-25; 1977b: 15, 16) . The depositional environment of the "tonige liegende Schichten" changed into landscape with a more pronounced topography induced by the beginning taphrogenesis of the Lower Rhine Embayment and the inferred higher current energy of the fluviatile systems. The sands and gravel are locally silicified and hardened in the form of lenses and layers to sandstone, quartzite, and conglomerates (Winterscheid 2006: 18, 19, 241, 242) .
LOCALITIES, STRATIGRAPHY, AND MATERIAL
The fluviatile sediments with fossiliferous clay deposits at Troisdorf-Altenrath, Siegburg-Stallberg and Hennef-Söven are located on a NNW-SSE line within a system of faults at the south-east margin of the Lower Rhine Embayment in the transition to the Bergisches Land (Fig. 1) . The floras belong lithostratigraphically to the "liegende tonige und quarzige Schichten" of the Siebengebirge Mts. (see Dechen 1852: 468; 1861 : 271, 1884 : 613, Kaiser 1897 : 99-101, 104, 105, Laspeyres 1900 : 144, 145, Wilckens 1927 : 44, Burre 1930 : 30-32, Breddin 1932 : 31-40, Weyland 1934 : 104, 105, and Udluft 1939a and 1977a 1939b and 1977b: 15-18) . The sediments are composed of an alternating sequence of flat-bedded and cross-bedded quartz gravel and sands with enclosed layers and lens-shaped sandy and coaly clays. Von der Brelie et al. (1981: 53, (Walther & Zetter 1993: 187; Denk et al. 2012: 10-12 ). This sporomorph is typical for "Unterflöz-Serie IV, Ton 06" of the lower part of the Köln Formation (Von der Brelie et al. 1981 : 28, Takakashi & Jux 1982 but it has not yet been proven in the early Oligocene Bergisch Gladbach Formation of the southern Lower Rhine Embayment.
The two localities Troisdorf-Altenrath and Siegburg-Stallberg are the only sites in the siliciclastic facies that provide leaf compressions suitable for anatomical and cuticular analyses. The other localities of the siliciclastic facies (Quegstein, Wintermühlenhof, Remscheid, and Allrott in the central Siebengebirge Mts., Weber 1851 -1852 : 119, 120, 128, Weyland 1940 yielded only impressions as plant remains; therefore the taxa described herein are of particular importance for an examination of the above-mentioned localities of the Siebengebirge Mts. The third locality, Dürresbachtal near Hennef-Söven, provided plant impressions preserved in fossiliferous conglomerates, sandstone, and claystone.
The siliciclastic facies of the "Liegendschichten" of the Siebengebirges Mts. in the southern Lower Rhine Embayment can be interpreted as fluvial sediments deposited by a river system flowing northwards and westwards into the Lower Rhine basin. These sediments represent late Oligocene terrestrial facies of the marginal part of the Köln Formation at the level of "Unterflöz-Serie IV, Ton 06". The sedimentation of the siliciclastic facies abruptly stops with the beginning of volcanic activity in the Siebengebirge Volcanic Field connected with eruptions of mighty pyroclastic flows ("Trachyttuff").
ALTENRATH LOCATION AND DESCRIPTION
Geographic map TK25: 5109 Lohmar (R 25 82800 H 56 37000). N 50°51′32.0″ E 7°11′04.0″. Rhein-Sieg-Kreis, Stadt Troisdorf, Ortsteil Altenrath. An abandoned gravel and clay pit of the Ludwigshütte brickyard near Hohen Schanze hill, north-west of Altenrath.
The Ludwigshütte brickyard near TroisdorfAltenrath was worked between 1878 and 1914 . Fliegel & Stoller (1910 described the quarry and the flora for the first time and gave a profile of the strata:
Profile of the Winter clay-pit near the Ludwigshütte brickyard from 1909, according to Fliegel & Stoller (1910: 231) :
Elevation of strata c. + 120 m a.s.l.
overlying stratum: ≥ 1 m yellow and brown sand with thin layers of gravels ≤ 3 m white, partly sandy quartz gravel ≤ 3 m brown, partly sandy clay with leaf remains, forming a lens ≤ 4 m white, partly sandy quartz gravel, lighter sand ("Quarzkies"), intercalated with white quartz sand and layers of gravel erosional unconformity ≤ 6 m clay with some brown coal layers, the lowermost seam 1.20 m thick 1.80 m light grey quartz sand underlying stratum: ≤ 7 m white clay LITERATURE (CHRONOLOGICALLY) Fliegel & Stoller (1910: 228-232) , Wilckens (1927: 30, 33, 36) , Weyland (1934: 33, 34) , Udluft (1939a and 1977a: 20-25) , Weyland (1940: 104-108 ), Winterscheid (2006: 26 In the vicinity of the sand and gravel pits of Siegburg-Stallberg (also in the fossiliferous Langel pit), intercalations of volcanic tuff (trachyte and trachytic tuff pebbles) as lensshaped layers are noteworthy (Udluft 1977a: 22, 23) . This indicates on one hand that the sediments belong to the "Liegendschichten" and that sedimentation continued until the eruptions of the Siebengebirge volcano interrupted it. The tuffitic layers indicate the age of the deposits as late Oligocene, because the volcanic activity of the Siebengebirge Volcanic Field started at ca 26.5 Ma and lasted until 25.0 Ma (Teichmüller 1974 , Todt & Lippolt 1980 , Winterscheid 2006 . The lithostratigraphy indicates that they were deposited within the Köln Formation, "Unterflöz-Serie IV, Ton 06" (Von der Brelie et al. 1981 , Takakashi & Jux 1982 . LITERATURE (CHRONOLOGICALLY) Kaiser (1897: 101), Wilckens (1927: 36) , Udluft (1939a Udluft ( , 1977a , Weyland (1940: 104-108) , Winterscheid (2006: 43 The Dürresbach locality, south of the Dür-resbach riding-ground, is located near the Wolfsbachtal valley, which extends from Hennef-Söven to Hennef-Geistingen. The locality is directly at the intersection of the Söven-Hennef road at the 145.1 m elevation marker and the farm road from Auf der Domkaule. In the immediate vicinity are dumps of brown coal pits of the Fossillagerstätte Rott.
According to Kaiser (1897: 104, 105 ) the Dür-resbach locality was situated at the above mentioned farm road next to the adit entrance of the Romerikenberge brown coal pit of the Rott locality. Trachytic tuff and sandstone, like that from Dürresbach, was noted in the underlying sequence of the oil shale and brown coal layer in the Romerikenberge brown coal pit near Rott. Kaiser (1897: 104) noted: "Der Tuff bildet auch hier das Hangende der quarzigen Schichten". On the streambed of Wolfsbach are rocks of pelitic facies of the "Liegendschichten", and sandstone and conglomerate of the siliciclastic facies in the "Blättersandstein" outcrop above. Dechen (1852: 468; 1861: 271) described this occurrence as follows: "Bei Dürresbach kommt feinkörniger, weissgelblicher und gelbbrauner Sandstein mit sehr vielen Blattabdrücken, in flammig gezeichneten gelbgrauen Hornstein übergehend vor"; and "Kiesel-Konglomerat, abweichend von dem gewöhnlichen Vorkommen in einem lockeren Zusammenhange." LITERATURE (CHRONOLOGICALLY) Dechen (1852: 468; 1861: 271; 1884: 613) , Kaiser (1897: 104, 105) , Wilckens (1927: 44) , Burre (1930: 30-32) , Udluft (1939b Udluft ( und 1977b ), Winterscheid (2006: 28, 29) . The material described by Winterscheid (2006) and given here in the updated list (Table 4) belongs to the palaeontological collections of the Goldfuß-Museums at the Steinmann-Institute for Geology, Mineralogy and Palaeontology of the University of Bonn (Signum: StIPB coll. Winterscheid). Material gathered by Mr. Hellmund (diploma thesis by Hellmund 1986 from the same collection (leaf remains, etc.) is not in a good state of preservation, lacks diagnostic features, and is not suitable for taxonomic examination.
SYSTEMATIC PALAEOBOTANY
The systematic organisation and data for authors and publication dates of higher taxonomic ranks follow the classifications of Chase & Reveal (2009) and Reveal (2012) . For listed synonyms the abbreviations and symbols follow Granzow (2000) . The lists of synonyms include the first description and protologue of a taxon, then systematic and taxonomic citations, and detailed descriptions of the taxon; citations based on the Altenrath locality are added. In the lists of examined specimens, the inscriptions and determinations written on old labels by Hermann Weyland and recovered in the collections are given in brackets […] . The results of the present study of the Altenrath and Stallberg floras are shown in Table 3 . D i s c u s s i o n. The single fragment of a pin na was at first assigned by to Lastraea stiriaca Unger, but later recognised by Kräusel & Weyland (1950: 26) -based on the venation -as representing a fragment of Osmunda lignitum (Giebel) Stur. Differences between the two ferns are well recognisable morphologically. In Os munda lignitum (Giebel) Stur the veinlets start immediately at the base of the pinnule and end in the notch between two neighbouring pinnules; higher ones loop along the margin. Differences in venation pattern and leaf anatomy were described in detail by Kräusel & Weyland (1950: 26) and Barthel (1976: 442, 456 
Daphnogene Unger 1850
Daphnogene cinnamomifolia (Brongn. in Cuv. 1822) Unger 1850 Fig. 4C-E; Fig. 5A fig. 6 ; pl. 13, fig. 7 ; pl. 14, fig. 8 fig. 4 ; pl. 13, fig. 4 [Altenrath]. 1934 Laurus phoeboides Ettingsh.  text- fig. 6 ; pl. 14, fig. 3 1-6; pl. 27, figs 2-9; pl. 37, fig. 8; pl. 42, figs 3, 6, 7, text-figs 16a-d, 17a-f, 18a-f, 19a-f, 20a, b, 21a, 22a, b, 27e, 28b [various Leaves petiolate, lamina thick and morphologically very variable: elliptic to widely elliptic, ovate to widely ovate, obovate to widely obovate to oblong; base gradually narrowed, acute-cuneate, in wider forms decurrent, apex never preserved, leaf margin in oblong-lanceolate forms entire ("phoeboides" form), partly slightly wavy ("speciosa" form) to dentate, in wider forms coarsely dentate ("goepperti" form); venation pinnate; midrib strong and straight, secondaries eucamptodromous in entire-margined forms, semicraspedodromous in forms with wavy to wavy-dentate forms and craspedodromous in dentate forms; secondaries slightly alternate to subopposite, forked towards margin, with the basally oriented branch entering the tooth and the apically oriented branch passing along the notch, in wavy forms the basal branch entering the arch and the apical one running parallel with the margin and looping with the next above the secondary vein, intersecondaries present; tertiary venation orthogonally oriented to the secondaries. Cuticle structure variously preserved: [1] "goepperti" form: typical in MB.Pb.2013/2034 and MB.Pb.2005/0070 [synonym: Quercus goepperti C.O. Weber] -cuticle of adaxial epidermis not preserved, abaxial epidermis medium-cutinised, slightly pitted, on veins strongly striate, ordinary cells straightwalled, ca 15-20 µm in diameter, stomata anomocytic to cyclocytic, in groups, with slightly darker periphery, densely disposed, almost the same size, widely oval to rounded, 15-18 µm in diameter, ledges slightly thickened and pitted, pore narrow-elliptic, almost fully stretching between stomatal poles; bases of glandular trichomes scattered among stomata, with solid foot; stellate trichomes with 2 to mostly 4 rays ca 20 µm long, rarely scattered among stomata, more often along thicker veins.
[2] "phoeboides" form: typical in MB. Pb.1984 /0033 and MB.Pb.2013 /2063 Laurus phoeboides Ettingsh.] -adaxial epidermis thinly cutinised, smooth, composed of polygonal straight-walled cells 20-25 µm in diameter; abaxial epidermis more strongly cutinised, densely covered with trichome bases; stomata dense in groups, widely oval to rounded, anomocytic, guard cells very uniform, ca 25 µm long and 20-25 µm wide, on periphery slightly thickened; stomatal ledges short, not thickened. Bases of glandular trichomes thickened and rounded, ca 20 µm in diameter, very dense over the whole abaxial leaf side. Cuticle over veins striate.
[ D i s c u s s i o n. Because of "der sehr zahlreich vorliegenden Blätter" at the Ludwigshütte site at Altenrath, Weyland (1934: 59, 60; pl. 6 , figs 1, 2, text-figs 1, 2) assumed that both fossil Quercus goepperti C.O. Weber (Weber 1852: 171, 172; pl. 19, fig. 2 ) and Quercus undulata C.O. Weber (Weber 1851: 170; pl. 19, fig. 1 ) belong to the same taxon: "Ihre Variationsbreite übersteigt nicht das bei Eichen übliche Maß und eine Trennung der beiden Formen ist ganz unmöglich." Later, Weyland noted (1938: 136, 137, text-figs 1, 2) under Quercus goepperti C.O. Weber two specimens (one entiremargined and one dentate) from the coal facies of Rott, which he considered extreme forms of the same species ("extreme Blattformen dieser Art"). In the same paper Weyland wrote that the form of Quercus grandidentata Unger probably is confined to older sites ("offenbar nur auf die etwas älteren Fundorte beschränkt") (e.g. Quegstein, Allrott, Remscheid). Based on the material of Stallberg, Quercus grandidentata Unger (Weber 1851: 168, 169; pl. 18, fig. 12 ) typical of quarzites from the underlying strata, also was included in Quercus goepperti Weber by Weyland (1940: 109, 110, text-figs 1-14) . According to the emended diagnosis of Quercus goepperti C.O. Weber based on the leaf morphology (Weyland 1940: 110) and three taxa following the descriptions in Weber (1852: 54-57) and Weyland ( : 59, 60, 1938 Weyland ( : 136, 137, 1940 , these "Quercus" species may also fall within the variation of Eotrigonobalanus furcinervis (Rossm.) Walther & Kvaček.
Cuticular studies of specimens identified as Quercus goepperti C.O. Weber confirmed their affinity to Eotrigonobalanus furcinervis (Rossm.) Walther & Kvaček. Besides the "goepperti" form, the laurophyllous "phoeboides" form (Laurus phoeboides Ettingsh.) and the "speciosa" form (Persea speciosa Heer) are also assignable to this taxon on evidence of cuticle structure. According to the type of pubescence, two intraspecific taxa are recognisable independent of leaf morphology: [1] Eotrigonobalanus furcinervis (Rossm.) Walther & Kvaček forma furcinervis [MfN coll. P.G.L.A. Berlin: MB.Pb.1984 /0027.1, MB.Pb.1984 /0033, MB.Pb.2005 /0070, MB.Pb.2013 /2016 , MB.Pb.2013 /2018 , MB.Pb.2013 /2034B, MB.Pb.2013 /2040 , MB.Pb.2013 /51, MB.Pb.2013 /2063 , MB.Pb.2013 /2071 , MB.Pb.2013 /2075 , MB.Pb.2013 SMSU Bauckhorn coll., coll. no. 12 = Weyland (1940: text-fig. 4 ); IGMK coll. Weyland: 4144 (1)]. In most samples from Altenrath, exceptionally also from Stallberg, small stellate trichomes with (2-)4 rays occur on the abaxial leaf side. Hence the data from Walther in Kvaček & Walther (1989b: 590, 592) concerning Eotrigonobalanus furcinervis from Altenrath should be corrected. The leaf anatomy varies here to the same extent in dentate as well as in entire-margined forms. Therefore we do not recognise such subspecies (e.g. Knobloch et al. 1996 : ssp. furcinervis and ssp. flagellinervis) and hold them to be a mere taxonomically insignificant variation.
[2] Eotrigonobalanus furcinervis (Rossm.) Walther & Kvaček forma haselbachensis (Kvaček & Walther) Kvaček & Walther [MfN coll. P.G.L.A. Berlin: MB.Pb.1984 /0022, 1984 /0031, MB.Pb.2005 /0067, MB.Pb.2013 /2083 SMSU coll. Bauckhorn, coll. no. 9 = Weyland (1940: text- fig. 1 ), coll. no. 10 = Weyland (1940: text- fig. 2 ), coll. no. 11 = Weyland (1940: text- fig. 3 ), coll. no. 13 = Weyland (1940: text-fig. 5 ); SM 6332/2 from Stallberg = Kräusel & Weyland 1950: text- fig. 22) ]. In the leaf assemblage from Altenrath, this form without stellate trichomes is intermixed with hairy f. furcinervis and supports the original concept introduced by Kvaček & Walther (1989a, b) Weyland (1940: 104, 105) , cannot be attributed to a locality, and the labels with Weyland's handwriting are not assignable to the collection items. Furthermore, the poor state of preservation and the absence of morphological characters of these specimens prevent a proper description and determination.
THE DÜRRESBACH FLORA
The plant remains of the Dürresbach locality were taxonomically studied by Winterscheid (2006) . Here we refrain from describing the taxa in a "fossilium catalogus" again. The results of the present study and revision are shown in Table 4 .
DISCUSSION
A proper and thorough vegetation analysis cannot be made at present, because too few taxa are represented in the material from Altenrath, Stallberg, and Dürresbach. Such an analysis will be given in detail when the entire flora of the siliciclastic facies, including that from the central Siebengebirge Mts. (e.g. Quegstein, Allrott etc.), is completed.
Plant remains from the Altenrath and Stallberg localities were found in coaly, light to grey-brown, sandy and silty clays, which were deposited in a quietly flowing fluviatile environment or in abandoned channels. The leaf remains were oriented parallel to the bedding and are preserved as compressions.
Higher flow energy is assumed for the fluviatile sedimentation environment of the coarsely clastic sediments of Dürresbach, composed of conglomerates and sands. Here, besides leaf and fruit impressions, wood remains up to 30 cm in diameter were also found. The leaf remains were not arranged parallel to the bedding planes but sometimes embedded in sandstone and thus fossilised. Occasionally the plant remains appear to have been accumulated and deposited in nests along drift lines and by point-bar deposition: for example, the impressions of endocarps of Mastixia amygdalaeformis (Schloth.) Kirchh.
All described taxa are elements of riverside and riparian vegetation of azonal habitats (cf. Table 5 ). The quantitatively most frequent taxa represent typical elements of Table 3 . Revision of taxonomic identifications by , Kräusel & Weyland (1950) , Kvaček & Walther (1989b) and on labels in collections of Troisdorf-Altenrath and Siegburg-Stallberg Determinations by In the flora of Altenrath, another element of the wetland forests occurs, the fern Osmunda lignitum (Giebel) Stur, which is also present in the flora of Niederpleis (Köln Formation, Ton 01) (Winterscheid 2006: 61, as Pronephrium stiriacum) and in the basal part of the main seam ("Hauptbraunkohlenflöz") of Ville (Ville Formation, Morken seam) (Kempf 1971: 50, 51, as Lastraea stiriaca) .
Fruits of Carpolithus sophiae (C.O. Weber) Weyland from Dürresbach are locally frequent in the siliciclastic facies and may belong to the Iridaceae. The habitat of this plant was marsh StIPB Dbt-13 = Winterscheid (2006: 122-124) . StIPB Dbt-7 = Winterscheid (2006: 126, 127 ; Taf. 1, Fig. 1 
